have shown that organic acids are produced by microorganisms, it has also been shown (Foster and Karow, 1945) were mixed. (Excess of acid was used to prevent formation of the ditetradecylamine salts.) The salts precipitated on cooling of the solution. In the case of malonate, however, the material was precipitated by the addition of several volumes of ether. The malonate was recrystallized from acetone, the citrate from nbutanol, and all others were recrystallized from ethanol. The quaternary (lauryl trimethylammonium) malonate was prepared as a 5 % solution in water.
The antimicrobial activity exhibited by a series of fatty acid salts of aliphatic amines induced us to continue studies on some of the higher amine salts of various carboxylic acids. Although numerous workers (Foster, 1949; Nord and Vitucci, 1947; Borick, 1953) have shown that organic acids are produced by microorganisms, it has also been shown (Foster and Karow, 1945) that, at higher concentrations, these acids may, in themselves, be inhibitory.
The chemical combinations of aliphatic amines and organic acids would appear to provide a relatively inexpensive source of germicidals as carboxylic acids are readily available through microbiological fermentations and chemical synthesis as well as natural sources. Preparation of the aliphatic amines was described by Young (1944) .
MATERIALS AND METHODS
The salts prepared and tested microbiologically in this study are listed in Table 1 were mixed. (Excess of acid was used to prevent formation of the ditetradecylamine salts.) The salts precipitated on cooling of the solution. In the case of malonate, however, the material was precipitated by the addition of several volumes of ether. The malonate was recrystallized from acetone, the citrate from nbutanol, and all others were recrystallized from ethanol. The quaternary (lauryl trimethylammonium) malonate was prepared as a 5 % solution in water.
Bacteriostatic and fungistatic tests were conducted in broth using the twofold serial dilution method. The bacterial inocula were prepared by adding 0.1 ml of an 18-hr culture from broth to physiological saline. Twotenths milliliter of this inoculum was added to each saline, was seeded into the test tubes. Tubes were shaken to disperse the casein and immediately dropped into an ice water bath to harden the agar. Tubes were incubated at 37 C and results read visually after 48 hr.
RESULTS
The results obtained with chemical and microbiological tests are shown in the tables. Table 1 shows the summarized results of compounds prepared, their melting points, molecular weights, and percentage of nitrogen. Table 2 contains the results of the compounds when tested by the standard serial dilution test. Although the results of these tests are activities of the monotetradecylamine salts, the ditetradecylamine salts were also prepared and tested. Activities in general were similar to those obtained with corresponding monotetradecylamine carboxylates. We have also tested lauryl trimethylammonium malonate which showed a high order of microbiological activity. Table 2 show the minimal inhibitor concentration in milligrams per 100 ml. Table 3 shows the results obtained when two of these compounds were tested by the Fosdick method for inhibition of acid production by L. casei. As can be seen, no acid was produced when two of these compounds, TDA oxalate and TDA succinate, were tested at concentrations of 250 to 500 mg per 100 ml. This was also true at a higher concentration of 1 %.
The approximate oral LD50 in mice of tetradecylammonium malonate (material suspended in water) was >10 g per kg; that of TDA oxalate was greater than 5 and less than 10 g per kg.
DISCUSSION
Microbiological activity was previously reported on fatty acid salts of various amines. Borick et al. (1959) showed that this activity was governed by both the amine and the fatty acid. Activity was shown to be present in fatty acids from 2 to 12 carbon atoms. In the various amine-carboxylic acids which we have tested, microbiological activity continues to be present. However, of the dicarboxylic and tricarboxylic acid salts of TDA tested, the tetradecylammonium malonate showed the highest activity with the widest microbiological spectrum. Since the chemical structure of this material showed much similarity to that of other carboxylic acids tested, it was difficult to postulate why better activity was exhibited by the tetradecylammonium malonate than the other compounds.
Differences in microbiological activity with similarities in chemical structures have long plagued bacteriologists and chemists who attempt to predict the type of activity that may be exhibited by a particular chemical structure. The fact that these differences in activity exist makes necessary the testing of vast numbers of compounds to demonstrate the activity of the individual compound.
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